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IEEE, New York, US; S. SUZUKI et aL: "Integrated zirconia 
air-fuel ratio sensor for automotive engine control" 
FILING LANGUAGE- ENG 
PROCEDURE LANGUAGE- ENG 
DESIGNATED COUNTRY- DE, FR, GB, IT 
LANGUAGE- ENG NDN- 080-0066-2753-5 

Apparatus for measuring the concentration of oxygen in 
exhaust gases. A gas sensor element of yttria-stabi-lized 
zirconia (Y(sub)20(sub)3-ZrO(sub)2) has at one end a gas 
pump of two chambers separated by intervening Y(sub)20 
(sub)3-ZrO(sub)2 with an orifice extending between each 
chamber and the exterior of the gas sensor element. Two 
platinum electrodes of a first set face one chamber and two 
platinum electrodes of a second set face the other chamber. 
The gas sensor element is mounted in an insulating 
mounting collar in close contact with two ceramic heaters of 
resistance heating elements on silicon nitride substrates. The 
mounting collar is clamped between a shield member 
encircling the gas pump of the sensor element and a housing 
member by threaded clamping nuts. The shield member has 
one or more apertures therein to admit exhaust gases to be 
analyzed to the gas pump of the sensor element. The 
housing member has an electrical connector at one end 
which is spaced from the sensor element for providing 
electrical connections to the sensor element and ceramic 
heaters. 

EXEMPLARY CLAIMS- A gas sensor element comprising a 
body (10) of solid electrolyte material exhibiting ion 
conduction in the presence of a gas to be detected; a first 
chamber (21) within said body; a passage (31) between said 
first chamber and the exterior of the body; and first and 
second electrode means (25-28) having tab portions; a 
second chamber (22) within said body spaced from said first 
chamber; a passage (32) between said second chamber and 
the exterior of the body; said first electrode means (25,26) 
having a tab portion facing said first chamber (21); said 
second electrode means (27, 28) having a tab portion facing 
said second chamber, whereby said first electrode means 
includes a first set of two electrodes (25,26), a tab portion of 
each facing each other across said first chamber; said 
second electrode means includes a second set of two 
electrodes (27,28), a tab portion of each facing each other 
across said second chamber; and said gas being pumped 
from one chamber (21) to the other (22) through the 
intervening solid electrolyte material upon application of a 
voltage between said first set of electrodes and said second 
set of electrodes. 

NO-DESCRIPTORS 
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Description 

This application relates to gas sensor element in 
accordance with the generic clause of claim 1. More 
particularly, it is concerned with gas sensors employ- 
ing solid electrolyte material which ionically conducts 
in the presence of a gas. 

Such a gas sensor is already known from docu- 
ment US-A-45 05 807 which describes an oxygen 
sensor including three plate-like elements disposed 
in parallel, a heater, an oxygen pump element with 
electrodes, an oxygen concentration cell element 
with electrodes and an insulating board disposed be- 
tween the first two elements having a hole bored 
therethrough at a position between the opposing 
electrodes of the first two elements so as to defined 
a cavity therebetween, whereby said insulating board 
further has at least one passage communicating said 
cavity to the outside of said oxygen sensor. 

Also in documents US-A-4647364 ; Transmic- 
ers' 85. 1985 International Conference on solid-state 
sensors and actuators; Digest of Technical Papers, p. 
333-335, IEEE, New York, US, S. Suzuki et al.: "Inte- 
grated Zircon ia air-fuel ratio sensor for automotive 
engine control" ; US-A-46 34514 as well as EP-A-0 
142 992 ; gas sensor elements are disclosed. 

Document US-A-4 547 281 discloses a gas con- 
centration sensing or pumping device that is formed 
of a body of solid electrolyte material which exhibits 
ionic conduction when the concentration of gas is dif- 
ferent between first and second surfaces of the body 
or which, upon application of a voltage across the 
body, will cause gas on the one side of the body to be 
pumped to the other side. The output current meas- 
ures the gas concentration passing through the body. 

Various techniques and apparatus have been de- 
veloped for determining the concentration of individ- 
ual gases, such as oxygen, in a gas mixture, such as 
an exhaust gas. With some of these techniques it is 
difficult to determine the oxygen concentration in the 
range from about 0.1% to 20%. With certain types of 
gas sensors it is difficult to maintain accuracy over a 
period of time. Some techniques provide output infor- 
mation which varies logarithmically rather than linear- 
ly with the concentration of oxygen in the gas mixture. 
Some sensors are insensitive to slight changes in the 
partial pressure of oxygen, and therefore subject to in- 
accuracy. Other techniques involve complex elec- 
tronic circuitry for controlling the operation of the 
sensing apparatus and for carrying out the measure- 
ments. 

In one technique a solid electrolyte material 
which exhibits ionic conduction in the presence of 
oxygen is employed in an electrochemical gas pump. 
The oxygen concentration in the gas mixture is deter- 
mined by the diffusion-limited current flow through 
the solid electrolyte material. This technique provides 
a signal output which is linearly proportional to the 



oxygen concentration in the gas mixture. A simple 
power supply provides a constant voltage to the elec- 
trodes of the pump. A series resistor is used to gen- 
erate an output signal which is proportional to the con- 

5 eventration of oxygen in the gas being analyzed. 

Sensors of this type require energy in the form of 
an applied voltage. The applied voltage needed is a 
function of current density, temperature and oxygen 
concentration. If the applied voltage is low or the tem- 

w perature is low or the oxygen concentration is high, 
the relationship observed between the pumping cur- 
rent and the oxygen concentration is non-linear. If the 
applied voltage is too high or the temperature is too 
high or the oxygen concentration is low, other oxy- 

15 gen-containing ingredients such as H 2 0 and C0 2 or 
the solid electrolyte material itself may dissociate 
contributing to faulty current in the output signal. In 
addition the pumping of the oxygen through the solid 
electrolyte material consumes energy, and the elec- 

20 trolyte ohmic polarization of the material is also a 
function of temperature and the current density. 
Thus, at high current density or low temperature extra 
voltage is needed to overcome the resistance of the 
electrolyte material. 

25 Because of these problems, previously available 

sensors based on this technique have a limited tem- 
perature range of operation. In addition the electro- 
des of some sensors are exposed to gas flow. After 
a period of use the electrodes can shift the amount 

30 of applied voltage required, and thus lead to errors in 
the outputsignal. Heating elements are required in or- 
der to maintain a proper operating temperature for the 
sensor. Heating elements tend to have short lifetimes 
due to the mechanical instability of their materials at 

35 the high operating temperature. Certain devices have 
pressure-dependent output signals because of the 
diffusion mechanism involved in the operation of the 
gas pump. Most of the devices presently available re- 
quire fairly high voltage in order to be operable, thus 

40 creating the possibility of faulty dissocation currents 
at the resulting high temperature. It is an object of the 
present invention to overcome the aforementioned 
problems. 

This object is met by the characterizing features 

45 of claim 1. 

A gas sensor element in accordance with the 
present invention comprises a body of solid electro- 
lyte material exhibiting ion conduction in the presence 
of a gas to be detected. A first chamber is located 

50 within the body with passage between the first cham- 
ber and the exterior of the body. A second chamber 
within the body is spaced from the first chamber. Pas- 
sage is provided between the second chamber and 
the exterior of the body. A first electrode has a tab por- 

55 tion facing the first chamber, and a second electrode 
has a tab portion facing the second chamber. The gas 
being detected is pumped from one chamber to the 
other chamber through the intervening solid electro- 
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lyte material upon the application of a voltage be- 
tween the first and second electrodes. 

A gas sensing assembly in accordance with the 
present invention includes a gas sensor element and 
two ceramic heaters. The gas sensor element com- 5 
prises a body of solid electrolyte material which exhib- 
its ion conduction in the presence of a gas to be de- 
tected. The body is of generally elongated rectangular 
parallelepiped configuration having a major upper 
surface and a major lower surface. The body contains 10 
a first chamber located below the upper surface. A 
second chamber is located above the lower surface 
and directly below the first chamber with material of 
the body intervening between the first and second 
chambers. Passage is provided from the first cham- 15 
berto the exterior of the body, and passage is provid- 
ed from the second chamber to the exterior of the 
body. Af irst electrode has a tab portion facing the first 
chamber, and a second electrode has a tab portion 
facing the second chamber. Each of the ceramic hea- 20 
ters comprises a substrate of silicon nitride material 
of generally elongated rectangular configuration hav- 
ing parallel first and second flat, planar major surfac- 
es. A thin layer of conductive material is adherent to 
the first major surface of the substrate in a pattern to 25 
form a resistance heating element and conductive 
leads thereto. One of the ceramic heaters is assem- 
bled in heat transmitting relationship with the gas 
sensor element with the second major surface of the 
substrate of the ceramic heater facing the major up- 30 
per surface of the body of the gas sensor element. 
The other ceramic heater is assembled in heat trans- 
mitting relationship with the gas sensor element with 
the second major surface of the substrate of the cer- 
amic heater facing the major lower surface of the 35 
body of the gas sensor element. 

Gas sensing apparatus in accordance with the 
present invention comprises a gas sensor element in- 
cluding a body of solid electrolyte material which ex- 
hibits ion conduction in the presence of a gas to be 40 
detected. The body is of generally elongated rectan- 
gular parallelepiped configuration and has a gas 
pump adjacent to one end thereof. Electrical leads 
connected to electrodes of the gas pump extend from 
the other end of the gas sensor element. The appa- 45 
rat us also includes a ceramic heater of generally elon- 
gated rectangular parallelepiped configuration having 
a resistance heating element adjacent to one end. 
Electrical leads connected to the resistance heating 
element extend from the other end. A mounting collar 50 
supports the gas sensor element and the ceramic 
heater with the ceramic heater in heat transmitting re- 
lationship with the gas sensor element. The one end 
of the body of the gas sensor element containing the 
gas pump and the one end of the ceramic heater con- 55 
taining the resistance heating element are positioned 
on one side of the mounting collar. The electrical 
leads lie on the opposite side of the mounting collar. 



A shield member encloses the portions of the gas 
sensor element and ceramic heater positioned on the 
one side of the mounting collar. The shield member is 
in contact with the mounting collar and forms a gas- 
tight seal therewith. The shield member has at least 
one aperture therein to permit the gas to be analyzed 
to enter the test chamber formed by the shield mem- 
ber and mounting collar. External connector means 
are connected to the electrical leads from the gas 
sensor element and the ceramic heater for permitting 
electrical connections to be made thereto. 
In the drawings: 

Fig. 1 is an exploded view of the components of 
a gas sensor element in accordance with the 
present invention; 

Fig. 2 is a perspective view of an assembled gas 
sensor element in accordance with the present in- 
vention; 

Fig. 3 is a perspective view of a ceramic heater 
employed in apparatus in accordance with the 
present invention; 

Fig. 4 is an elevational view in cross-section of 
gas sensing apparatus in accordance with the 
present invention; 

Fig. 5 is a perspective view of a portion of the ap- 
paratus of Fig. 4; 

Fig. 6 is a schematic drawing of the electrical cir- 
cuitry employed in conjunction with the appara- 
tus of Fig. 4; and 

Fig. 7 is a graph illustrating curves of the output 
measurements of gas sensing apparatus at vari- 
ous concentrations of oxygen at different temper- 
atures. 

For a better understanding of the present inven- 
tion, together with other and further objects, advan- 
tages, and capabilities thereof, reference is made to 
the following disclosure and appended claims in con- 
nection with the above-described drawings. 

The sensor element as described herein employs 
a body of a solid electrolyte material which exhibits 
ionic conduction in the presence of a gas, specifically 
oxygen. The material which is well known for provid- 
ing this phenomenon with oxygen is yttria (Y 2 0 3 )-sta- 
bilized zirconia (Zr0 2 ). 

The sensor element 10 is illustrated in an explod- 
ed view in Fig. 1. The sensor element 10 is composed 
of seven layers or laminations of yttria-stabilized zir- 
conia 11-17. The laminations 11-17 are fabricated 
from yttria-stabilized zirconia powder which is a mix- 
ture of 92 mole percent of zirconia powder and 8 mole 
percent of yttria powder. Specifically the mixed pow- 
der is designated as T2-8Y yttria-stabilized zirconia 
powder purchased from Toyo Soda USA, Inc., Atlan- 
ta, Georgia. A slurry is prepared from the yttria-sta- 
bilized zirconia powder and a binder of polyvinyl bu- 
tyral, specifically Cerbind #73216 binder solution 
from Tarn Ceramics, Inc., Niagara Falls, New York. 
The slurry is 54% by weight powder and 46% by 
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weight binder. The mixture is ball milled for 18 hours 
in a milling media of zirconia balls. After mixing, the 
slurry is exposed to a vacuum of 4-10 3 Pa (30 mm Hg) 
for 1-2 minutes to ensure that no trapped air remains 
in the slurry. The slurry is cast into a film with a doctor 
blade setting of 1-3-KH m (52 mils). The film is dried 
in open air for 3-4 hours, and after drying the film 
thickness is approximately 0,25 - 0,3 ■ 10- 3 m (10-12 
mils). The film is cut into suitable dimensions for the 
rectangular laminations, for example 0,048 m (1.9 in- 
ches) by 0,010 m (.426) inch. 

Holes or openings 21 and 22 which will form gas 
chambers in the sensor element are produced as by 
punching through two laminations, the next-to-the- 
uppermost lamination 12 and the next-to-the- 
lowermost lamination 16. The openings may, for ex- 
ample, be 0.006 m (.250 inch) in diameter. 

Electrodes are formed on certain of the lamina- 
tions. The electrodes are of a porous conductive ma- 
terial which adsorbs oxygen and acts as a catalyst in 
dissociating oxygen into ions. The particular material 
used is platinum (Pt). Electrodes 25, 26, 27, and 28 
are formed on the uppermost lamination 11, the lam- 
ination next below the next-to-the-uppermost lamina- 
tion 13, the next-above the next-to-the-lowermost 
lamination 15, and the lowermost lamination 17, re- 
spectively. The electrodes are formed on the lamina- 
tions by screen printing platinum ink onto the appro- 
priate surface. Specifically the platinum ink used is 
designated as A4338 and is purchased from Engel- 
hard Corp., East Newark, New Jersey. The ink is ap- 
plied through a #325 mesh screen. 

Each of the electrodes has an enlarged tab por- 
tion at one end which is the same size as the chamber 
openings 21 and 22. The tabs are located in the lam- 
inations so that the tabs of the electrodes of each set 
face each other across the appropriate chamber of 
the assembly. The electrodes extend along the length 
of the associated laminations and terminate at end 
portions of the laminations so as to be adjacent to 
openings or holes labelled 29 and 30. The holes 29 
and 30 are formed in the laminations after assembly 
of the laminations as will be discussed hereinbelow. 
The electrodes are arranged on the associated lam- 
inations such that the upper electrodes 25 and 26 
constituting one set are accessible only at openings 
29 and electrodes 27 and 28 constituting a second 
set are accessible only at openings 30. 

Passage between each chamber and the exterior 
of the sensor element for the gas being analyzed is 
provided by orifices 31 and 32 which are formed be- 
tween the chambers 21 and 22, respectively, and the 
exterior during the laminating process. Alternatively, 
passage between each of the chambers 21 and 22 
and the exterior of the sensor element may be provid- 
ed by employing uppermost and lowermost lamina- 
tions 11 and 17 which are porous in the regions above 
and below the chambers 21 and 22, respectively. In 



order to form the orifices 31 and 32 a plastic wire or 
other suitable filamentary material which is easily ex- 
pended is placed between laminations 11 and 12 and 
between laminations 16 and 17 as the laminations 

5 are stacked for laminating. Lamination is performed 
at a temperature of 60°C with the laminations pressed 
together under a pressure of 6,8 • 10 6 N/m 2 (1000 
pounds per square inch) in a vacuum of 4-1 0 3 Pa (30 
mm Hg) for a period of from 10 to 15 minutes. Disks 

10 of ashless filter paper are placed inside the openings 
21 and 22 before the laminating process to prevent 
the walls of the chambers from collapsing during the 
laminating process. 

After lamination the orifices 31 and 32 (Fig. 2) 

15 from the chambers 21 and 22, respectively, to the 
edge surface of the body are formed by burning away 
the filamentary material placed prior to lamination. 
The holes 29 and 30 are drilled through the laminated 
stack or body. The resulting body which is in the 

20 shape of a generally rectangular parallelepiped is 
then subjected to a bake out and sintering procedure. 
The temperature of the body is raised from room tem- 
perature to 400°C over a period of 15 hours, and from 
400°C to 1 500°C over a period of 2 hours. The body 

25 is heated for 1 hour at 1500°C, and then cooled to 
room temperature over a 2 hour period. This process 
is carried out in open air. In the completed gas sensor 
element as illustrated in Fig. 2 each of the chambers 
21 and 22 is approximately 0,004 m (0.175 inch) in di- 

30 ameter and 6-10- 5 m (0.0025 inch) in height. The ori- 
fices 31 and 32 are about 4-10- 5 m (0.0015 inch) in di- 
ameter and about 1 ,3-1 Or 3 m (0.05 inch) in length from 
the chamber to the exterior edge surface of the sen- 
sor element 

35 As illustrated in Fig. 2 lead wire 37 which may be 
of 0,13 mm (5 mil) silver wire is attached to the two 
upper electrodes 25 and 26 through openings 29. 
Similarly lead wire 38 is attached to the two lower 
electrodes 27 and 28 through openings 30. The lead 

40 wires 37 and 38 are looped through their respective 
holes 29 and 30. Platinum paste is applied to ensure 
good electrical contact. The lead wires 37 and 38 are 
covered with fiberglass tubing for insulation and pro- 
tection. 

45 The gas sensor element 1 0 of Figs. 1 and 2 forms 
an oxygen pump adjacent to the narrow edge surface 
at one end of the sensor element. A voltage applied 
between electrodes 25 and 26 of one set and electro- 
des 27 and 28 of the other set causes oxygen entering 

so one of chambers 21 or 22 by way of orifice 31 or 32, 
respectively, to ionize. Ions flow through the yttria- 
stabilized zirconia to the other chamber. The current 
flows is a measure of the concentration of oxygen in 
the gas mixture to which the gas sensor element is ex- 

55 posed. 

The apparatus employs two ceramic heaters 50 
which are assembled with the gas sensor element 1 0. 
Each ceramic heater 50 as illustrated in Fig. 3 env 
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ploys a substrate of a rectangular piece of silicon nitr- 
ide ceramic material. The substrate is approximately 
0,03 m (1.2 inches) by 0,008 m (0.3 inches) and 
is .l-IQ-^m^O mils) thick. The silicon nitride material 
is densified silicon nitride. Specifically, the material 5 
is formed by employing Al 2 0 3 , Y 2 0 3 or MgO as a den- 
sif ication aid and may, for example, be formed as de- 
scribed in U.S. Patents No. 4,383,958, 4,603,116 and 
4,608,354. 

A resistance heating element 51 in a zig-zag pat- 1 o 
tern and conductive leads 52 and 53 therefrom are 
formed on a flat major surface of the ceramic sub- 
strate by screen printing. For example, platinum ink 
#5544 from Electro-Science Labs, King of Prussia, 
Pennsylvania, is applied through #325 mesh screen. 15 
After the pattern of heating element 51 and leads 52 
and 53 is applied, the substrates are fired in air. The 
temperature is raised from room temperature to 
1250°C over a period of 2 hours, firing at 1250°C is 
carried on for 10 minutes, and cooling to room temper- 20 
ature is over a period of 2 hours. Holes 54 and 55 are 
formed in the printed conductors 52 and 53, respec- 
tively, at the end of the heater substrate which is 
spaced from the resistance heating element 51. Wire 
leads 56 and 57 of 5 mil silver wire pass through the 25 
holes 54 and 55 and make electrical contact to the 
conductors 52 and 53, respectively. A silver paste is 
applied to ensure good physical and electrical con- 
tact, and the wire leads 56 and 57 are protected with 
fiberglass sleeving. In some of the ceramic heaters an 30 
opening 58 is made through the substrate in a region 
not coated by the conductive material but closely ad- 
jacent to the resistance heating element 51. 

Fig. 4 illustrates gas sensing apparatus employ- 
ing a gas sensor element 10 sandwiched between 35 
two ceramic heaters 50 and supported in a housing 
which is adapted for mounting as in an engine exhaust 
line from an internal combustion engine. As illustrat- 
ed in Fig. 5, the gas sensor element 10, the two cer- 
amic heaters 50, and also a thermocouple 60 are 40 
mounted in a mounting collar 61. The flat major sur- 
face of each ceramic heater 50 opposite the surface 
containing the heating element 51 is in close physical 
and heat transmitting contact with a major surface of 
the gas sensor element 1 0. The mounting collar 61 is 45 
fabricated from an insulating ceramic for example 
#502-600 machinable ceramic purchased from Leeds 
and Northrop Company, Philadelphia, Pennsylvania. 
The mounting collar 61 is of circular cross-section and 
has chamfered or tapered edges 63 and 64 on the for- so 
ward and rearward sides of its periphery. 

The gas sensor element 10 and ceramic heaters 
50 extend through a central opening 62 in the mount- 
ing collar 61. The resistance heater elements at the 
ends of the ceramic heaters 50 are closely adjacent 55 
to the gas pump at the end of the gas sensor element 
10 and lie on the forward side of the mounting collar 
61 . The opposite ends of the gas sensor element and 



the ceramic heaters which have the lead wires attach- 
ed thereto extend from the rearward side of the 
mounting collar 61. The thermocouple 60 fits within 
the opening 58 in the uppermost ceramic heater 60 
and its lead wires 66 and 67 pass through the opening 
62 to the rearward side of the mounting collar 61. 

The assembled elements are sealed within the 
opening 62 of the ceramic mounting collar 61 by a 
suitable ceramic cement 65, for example standard 
3333 foreign joint cement purchased from Leeds and 
Northrop Company, Philadelphia, Pennsylvania. Af- 
ter the cement is applied, it is air dried for 24 hours at 
room temperature followed by a 1 hour anneal in an 
oven at 100°C. The cured ceramic cement 65 is in the 
form of a mass completely surrounding the ends of 
the assembled elements on the rearward side of the 
mounting collar 61. The cement 65 adheres to the 
surface of the mounting collar forming a gas-tight seal 
around the elements and sealing the opening 62. The 
lead wires from the gas sensor element, ceramic hea- 
ters, and thermocouple pass through the cement 65 
without disrupting the gas-tight seal. 

A hollow cylindrical housing member 70 has an 
outwardly flared portion or flange 71 at one end. A 
standard electrical connector 72 with seven contact 
members 73 extending therethrough is mounted at 
the other end of the housing member 70. The lead 
wires from the assembled elements pass through the 
hollow cylindrical member and are connected to the 
contacts 73 of the connector 72 to enable electrical 
connections to be made thereto. The flange 71 at the 
end of the housing member 70 abuts the chamfered 
surface 64 of the mounting collar 61 and is held in 
close physical contact therewith as will be explained 
hereinbelow. 

The active portions of the assembled elements 
containing the gas pump and resistance heaters 
which extend from the forward side of the mounting 
collar 61 are encircled by a shield member 80. The 
shield member which preferably may be of stainless 
steel is of cylindrical shape and is closed at one end. 
The other end has an outwardly flared portion or 
flange 81 for mating with the chamfered surface 63 
of the mounting collar 61 . The shield member 80 has 
one or more apertures 82 through its wall in order to 
enable the gas to be analyzed to enter the enclosed 
test chamber formed by the shield member 80 and 
mounting collar 61. 

The test chamber is filled with porous thermal in- 
sulation 85 which encircles the portions of the assem- 
bled elements protruding beyond the forward surface 
of the mounting collar. The insulation 85 is preformed 
by wrapping fiberglass material around a dummy sen- 
sor assembly and then wrapping the fiberglass with 
fiberglass electrical tape. The fiberglass wrapped 
dummy sensor assembly is inserted into the shield 
member. This assemblage is fired at 650°C for one- 
half hour to burn away the binders within the fiber- 
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glass insulation and tape. The dummy sensor assem- 
bly is then removed and the shield member 80 with 
the insulation 85 in place is assembled over the gas 
sensor assembly with the flange portion 81 abutting 
the chamfered edge 63 of the mounting collar 61. 

The housing member 70 and the shield member 
80 are both clamped in position against the mounting 
collar 61 by a clamping arrangement of a gland nut 90 
and a housing nut 91. The gland nut 90 (which is 
placed over the housing member 70 prior to attach- 
ment of the electrical connector 72) has a chamfered 
or tapered surface 92 for abutting the flange 71 of the 
housing member 70. The gland nut has external 
threads 93 in the forward region adjacent to the ta- 
pered surface 92. The housing nut 91 has internal 
threads 95 at its rearward end for mating with the ex- 
ternal threads 93 of the gland nut, and in its middle 
region has a tapered surface 96 for abutting the 
flange 81 of the shield member 80. 

The gland nut 90 and the housing nut 91 are 
threaded together to urge the housing member 70 and 
the shield member 80 against the opposite sides of 
the mounting collar 61 . The tapered surface 92 of the 
gland nut 90 clamps the flange 71 of the housing 
member 70 against the chamfered surface 64 of the 
mounting collar 61, and the tapered surface 96 of the 
housing nut 91 clamps the flange 81 of the shield 
member 80 against the chamfered surface 63 of the 
mounting collar 61. The physical connections be- 
tween the housing nut 91 , the shield member 80, and 
the mounting collar 61 are gas-tight seals. The hous- 
ing nut 91 has a threaded external surface 97 at the 
forward end for mounting the apparatus with the 
shield member 80 protruding into a gaseous atmos- 
phere to be analyzed. 

Fig. 6 is a schematic diagram illustrating the elec- 
trical connections to the apparatus for measuring the 
concentration of oxygen in a gas mixture. The leads 
56 and 57 from the two ceramic heaters 50 and the 
leads 66 and 67 from the thermocouple 60 are con- 
nected to a heater control 100. (Leads 56 are shown 
connected in common.) The heater control provides 
electrical power to the ceramic heaters 50 at from 24 
to 30 volts AC. Their temperature is monitored by the 
thermocouple 60, and the heater control 100 oper- 
ates to maintain the gas sensor assembly at the de- 
sired temperature level for operation of the appara- 
tus. One of the leads 38 of the gas sensor element 1 0 
is connected to a positive source of voltage (about 3 
volts DC) and the other lead 37 is connected through 
a series resistor 101 to ground. The potential across 
the resistor 101 is measured by a suitable instrument 
102 to determine the current flow through the gas 
sensor element 10. 

Fig. 7 is a plot of the measured output of a gas 
sensor element as described in detail hereinabove at 
different operating temperatures. The applied vol- 
tage is such as to produce 500 millivolts of applied po- 



larization across the two sets of electrodes and a ser- 
ies resistor 101 of 100 ohms. The apparatus as de- 
scribed can measure oxygen concentration between 

0. 1% and air at temperatures from 450°C to 800°C. 
5 The apparatus is relatively simple and uncomplicated 

and may be approximately of standard automobile 
spark plug size and configuration. As can be seen the 
measured output current is linear with respect to the 
concentration of oxygen in the exhaust gas being 

w analyzed. With the device as described the limiting 
current density is kept low, specifically at 450°C with 
air as the reference gas the current density range is 
between 0.8 mA/cm 2 and 3m A/cm 2 . Since the appa- 
ratus requires only 500 millivolts of applied polariza- 

15 tion, no reduction of the solid electrolyte material will 
occur. 

The use of the double electrode design with a set 
of two electrodes at each chamber provides high 
pumping efficiency. The electrodes are completely 

20 enclosed except at the chambers with only tiny orific- 
es providing access of the gases to the exposed elec- 
trode surface. Thus the electrodes are well protected 
from gas erosion and contamination. The silicon nitr- 
ide heaters provide temperature stability during oper- 

25 ation of the gas pump. The performance and service 
life of the silicon nitride heaters is superior by virtue 
of the thermal shock resistance of the silicon nitride 
material. 

The gas sensor assembly may include a thermo- 
30 couple which is located in good position for monitoring 
the heat produced by the ceramic heaters and trans- 
mitted to the gas sensor element Different modifica- 
tions of the shield member may be employed. For 
pressure dependent measurements and rapid re- 
ds sponse to changes in oxygen concentration in the gas 
several apertures are provided in the portion of the 
shield member exposed to the exhaust gas. For pres- 
sure independent measurements and slower re- 
sponse to changes in oxygen concentration, a single 
40 aperture is provided in the shield member rearwardly 
of the forward end of the housing nut with passage 
provided between the housing nut and the shield 
member for the exhaust gas being tested. 

While there has been shown and described what 
45 is considered a preferred embodiment of the present 
Invention, it will be obvious to those skilled in the art 
that various changes and modifications may be made 
therein without departing from the invention as de- 
fined by the appended claims. 

50 

Claims 

1 . A gas sensor element comprising 

55 a body (1 0) of solid electrolyte material exhibiting 

ion conduction in the presence of a gas to be de- 
tected; 

a first chamber (21) within said body; a passage 
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(31) between said first chamber and the exterior 
of the body; 

and first and second electrode means (25-28) 
having tab portions 

characterized by 5 

a second chamber (22) within said body spaced 
from said first chamber; 

a passage (32) between said second chamber 
and the exterior of the body; 

said first electrode means (25,26) having a tab 10 
portion facing said first chamber (21); 
said second electrode means (27,28) having a 
tab portion facing said second chamber, whereby 
said first electrode means includes a first set of 
two electrodes (25,26), a tab portion of each fac- 1 5 
ing each other across said first chamber; 
said second electrode means includes a second 
set of two electrodes (27,28), a tab portion of 
each facing each other across said second cham- 
ber; and 20 
said gas being pumped from one chamber (21) to 
the other (22) through the intervening solid elec- 
trolyte material upon application of a voltage be- 
tween said first set of electrodes and said second 
set of electrodes. 25 

A gas sensor element in accordance with claim 1, 
wherein 

said body (10) is of generally rectangular paralle- 
lepiped configuration having a major upper sur- 30 
face (11) and a major lower surface (17); 
said first chamber (21) is located below said up- 
per surface (11), and said second chamber is lo- 
cated above said lower surface (17) and directly 
below said first chamber with material of said 35 
body intervening between said first and second 
chambers; 

said first passage is formed as a first orifice (31) 
which extends from said first chamber parallel to 
said major surfaces and terminates at an edge 40 
surface normal to said major surfaces; 
said second passage is formed as a second ori- 
fice (32) which extends from said second cham- 
ber parallel to said major surfaces and terminates 
at an edge surface normal to said major surfaces; 45 
said two electrodes (25,26) of said first set and 
said two electrodes (27,28) of said second set 
are flat and planar and lie parallel to said major 
surfaces; 

one of the electrodes (25) of said first set has said so 
tab portion disposed across the upper wall sur- 
face of said first chamber, and the other of the 
electrodes (26) of said first set has said tab por- 
tion disposed across the lower wall surface of 
said first chamber; and 55 
one of the electrodes (27) of said second set has 
said tab portion disposed across the upper wall 
surface of said second chamber, and the other of 



the electrodes (28) of said second set has said 
tab portion disposed across the lower wall sur- 
face of said second chamber. 

3. A gas sensor element in accordance with claim 2, 
wherein 

each of said chambers (21 ,22) is located adjacent 
to one of the narrower of the edge surfaces of 
said body; 

each of said electrodes (25,26,27,28) extends 
from said tab portion and terminates adjacent to 
the other of the narrower of the edge surfaces of 
said body; 

the two electrodes of the first set terminate close- 
ly adjacent to each other for permitting a common 
electrical connection (29) to be made thereto; 
and 

the two electrodes of the second set terminate 
closely adjacent to each other for permitting a 
common electrical connection (30) to be made 
thereto. 

4. A gas sensor element in accordance with claim 3, 
wherein 

said solid electrolyte material is yttria-stabilized 
zirconia. 

5. A gas sensor element in accordance with claim 3, 
wherein 

said electrodes are a porous film of a conductive 
material which catalyzes the ionization of the gas 
to be detected. 

6. A gas sensor element in accordance with claim 5, 
wherein 

said conductive material of said electrodes is pla- 
tinum. 

7. A gas sensor element in accordance with claims 
1 or 3, wherein 

said body is a unitary body (10) of laminations of 
a solid electrolyte material which ionically con- 
ducts oxygen; 

each of said laminations being of generally rec- 
tangular parallelepiped configuration with a ma- 
jor upper surface and a major lower surface; 
the next-to-the-uppermost lamination (12) having 
an opening therethrough from its major upper 
surface to its major lower surface defining said 
first chamber (21); 

the uppermost lamination (11) having an elec- 
trode (25) of said first set of electrodes (25,26) of 
a layer of conductive material adherent to the ma- 
jor lower surface thereof, said electrode (25) hav- 
ing said tab portion disposed across said opening 
(21) in the next-to-the-uppermost lamination; 
the lamination next-below (13) the next-to-the- 
uppermost lamination having an electrode (26) of 
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said first set of electrodes (25,26) of a layer of 
conductive material adherent to the upper major 
surface thereof, said electrode (26) having a tab 
portion disposed across said opening in the next- 
to-the-uppermost lamination; 5 
the next-to-lowermost lamination (16) having an 
opening (22) therethrough from its major upper 
surface to its major lower surface located directly 
below said opening (22) in the next-to-the- 
uppermost lamination, defining said second 10 
chamber (22); 

the lowermost lamination having an electrode 
(28) of said second set of electrodes (27,28) of an 
adherent layer of conductive material adherent to 
the major upper surface thereof, said electrode 15 
(28) having a tab portion disposed across said 
opening in the next-to-the-lowermost lamination; 
the lamination next-above (15) the next-to-the- 
lowermost lamination having an electrode (27) of 
a layer of said second set of electrodes (27,28) of 20 
conductive material adherent to the lower major 
surface thereof, said electrode (27) having a tab 
portion disposed across said opening (22) in the 
next-to-the lowermost lamination; 
said first orifice (31) extending from said first 25 
chamber next-to-the-uppermost (12) lamination 
to an edge surface of the lamination; and 
said second orifice (32) extending from said sec- 
ond chamber in the next-to-the lowermost (16) 
lamination to an edge surface of the lamination. 30 

Agas sensor element in accordance with claim 7, 
wherein 

said chambers (21 ,22) are generally cylindrical of 
about 0.44mm (0.0175 inch) in diameter and 35 
0.06mm (0.0025 inch) in heighth; and 
said orifices (31,32) are about 0.04mm (0.0015 
inch) in diameter and about 1.27 (0.05 inch) in 
length from the opening to the exterior edge sur- 
face. 40 

A gas sensor element of one of claims 1 to 8, fur- 
ther comprising 

two ceramic heaters (50) each comprising a sub- 
strate (50) of silicon nitride material of generally 45 
elongated rectangular configuration having par- 
allel first and second flat planar major surfaces, 
and 

a thin layer of conductive material (51) adherent 
to said first major surface of the substrate (50) in so 
a pattern to form a resistance heating element 
and conductive leads thereto; 
one of said ceramic heaters being assembled in 
heat transmitting relationship with said gas sen- 
sor element (1 0) with the second major surface of 55 
the substrate of the ceramic heater facing the ma- 
jor upper surface of the body of the gas sensor 
element; and 



the other of said ceramic heaters (50) being as- 
sembled in heat transmitting relationship with 
said gas sensor element with the second major 
surface of the substrate of the ceramic heater 
facing the major lower surface of the body of the 
gas sensor element. 

1 0. A gas sensor element in accordance with claim 9 
or 3, wherein 

said thin layer of conductive material (51) is ad- 
jacent to one end of the ceramic heaters thereof 
and said conductive leads (56,57) extending from 
the resistance heating element to the other end 
of the substrate; and 

said ceramic heaters (50) being assembled with 
said gas sensor element (10) with said one end 
of the substrates of the ceramic heaters being 
positioned adjacent to said one of the narrower of 
the edge surfaces of the body of the gas sensor 
element 

11. A gas sensor element of one of claims 1 to 8, fur- 
ther comprising a ceramic heater having 

a substrate (50) of silicon nitride material having 
a flat, planar major surface; and 
a thin layer (51) of conductive material adherent 
to said major surface of the substrate in a pattern 
to form a resistance heating element and conduc- 
tive leads thereto. 

12. A gas sensor element of claim 11, whereby said 
substrate is of a generally elongated rectangular 
configuration and the conductive leads extend 
from the resistance heating element adjacent to 
the other end of the substrate. 

13. A gas sensor element in accordance with claim 

12, wherein 

said substrate of said ceramic heater is of densi- 
f ied silicon nitride. 

14. A gas sensor element in accordance with claim 

13, wherein 

said conductive material is platinum screened 
and fired on said major surface of the substrate. 

15. A gas sensor element in accordance with claim 
1 3, further comprising 

a mounting collar (61) supporting said gas sensor 
element and said ceramic heater (50) with said 
ceramic heater in a heat transmitting relationship 
with said gas sensor element (10), said one end 
of said body of the gas sensor element and said 
one end of the ceramic heater being positioned 
on one side of the mounting collar (61) and said 
electrical leads lying on the opposite side thereof; 
and 

external connector means connected to the elec- 
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trical leads from the gas sensor element and the 
ceramic heater for permitting electrical connec- 
tions to be made thereto. 

16. A gas sensor element in accordance with claim 

15, including 

porous heat insulating material (85) filling said 
test chamber within said shield member (80) and 
encircling the portion of the gas sensor element 
and ceramic heaters positioned therein. 

17. A gas sensor element in accordance with claim 

16, wherein 

said ceramic heater (50) has an opening (58) 
therethrough adjacent to the resistance heating 
element; and including 

a thermocouple (60) mounted within said opening 
in the ceramic heater and in physical contact with 
the underlying gas sensor element and having 
electrical leads (66,67) extending therefrom, and 
wherein 

said external connector means is connected to 
the electrical leads (66,67) from the thermocou- 
ple for permitting an electrical connection to be 
made thereto. 

18. Agas sensor element in accordance with claim 9, 
further comprising 

a mounting collar (61) of insulating material hav- 
ing a central opening therethrough from one side 
to the opposite side thereof; 
said gas sensor element (1 0) and said two ceram- 
ic heaters (50) being mounted in the opening of 
said mounting collar with a major surface of one 
of the ceramic heaters (50) in close physical con- 
tact with said first major surface of said gas sen- 
sor element and with a major surface of the other 
of the ceramic heaters in close physical contact 
with said second major surface of the gas sensor 
element; 

the one end of the gas sensor element having the 
gas pump and the one end of each of the ceramic 
heaters having the resistance heating element 
being positioned on said one side of the mounting 
collar and said electrical leads from the gas sen- 
sor element and the ceramic heaters lying on said 
opposite side of the mounting collar; 
sealing means sealing the gas sensor element 
(10) and ceramic heaters (50) in the opening of 
the mounting collar to provide a gas-tight seal of 
the opening; 

a housing member (70) having one end in contact 
with said mounting collar (61) at said opposite 
side thereof and having another end spaced 
therefrom; 

an electrical connector mounted at said other end 
of said housing member and having contacts con- 
nected to the electrical leads from the gas sensor 



element and the ceramic heaters and extending 
externally of the housing member; and 
clamping means (90,91) holding said shield 
member (80) and said housing member (70) in 
5 physical contact with said mounting collar at said 

one side and at said opposite side thereof, re- 
spectively, with said shield member forming a 
gas-tight seal with said mounting collar. 

10 19. A gas sensor element according to claims 15 or 
18, further comprising 

a shield member (80) enclosing the portions of 
the gas sensor element and ceramic heater posi- 
tioned on said one side of the mounting collar 
is (61), said shield member (80) being in contact 

with said mounting collar (61) and forming a gas- 
tight seal therewith; 

said shield member (80) having at least one aper- 
ture therein to permit gas to be analyzed to enter 
20 the test chamber formed by the shield member 
and mounting collar. 



Patentanspruche 

25 

1 . Ein Gasf uhlelement mit 

einem Korper (10) aus einem festem Elektrolyt- 
werkstoff, welcher in Anwesenheit eines zu erfas- 
senden Gases eine lonenleiffahigkeit aufweist; 

30 einer ersten Kammer (21) in dem Korper; 

einem Durchtritt (31) zwischen der ersten Kam- 
mer und der Au&enseite des Korpers; 
und einer ersten und zweiten Elektrodeneinrich- 
tung (25-28) mit Fahnenabschnitten, 

35 gekennzeichnet dadurch, daB 

eine zweite Kammer (22) im Korper von der er- 
sten Kammer beabstandet ist; 
ein Durchtritt (32) zwischen der zweiten Kammer 
und der Au&enseite des Korpers vorhanden ist; 

40 die erste Elektrodeneinrichtung (25, 26) einen 
Fahnenabschnitt gegenuber der ersten Kammer 
(21) aufweist; 

die zweite Elektrodeneinrichtung (27, 28) einen 
Fahnenabschnitt gegenuber der zweiten Karrv 

45 mer aufweist, wobei die erste Elektrodeneinrich- 

tung einen ersten Satz von zwei Elektroden (25, 
26) aufweist und deren jeweilige Fahnenab- 
schnitte sich uber die erste Kammer hinweg ge- 
genuberliegen; 

so die zweite Elektrodeneinrichtung einen zweiten 
Satz von zwei Elektroden (27, 28) umfa&t und de- 
ren jeweilige Fahnenabschnitte sich uber die 
zweite Kammer hinweg gegenuberliegen; und 
nach dem Anlegen einer Spannung zwischen 

55 dem ersten und dem zweiten Satz von Elektro- 

den das zu erfassende Gas durch den dazwi- 
schen befindlichen festen Elektrolytwerkstoff 
hindurch aus einer Kammer (21) zuranderen (22) 



9 



17 



EP 0 343 533 B1 



18 



gepumpt wird. 

2. Gasf uhlelement gemaB Anspruch 1 , wobei 

der Korper (10) im ailgemeinen ein langlicher, 
rechtwinkliger Quader mit einer groBen Obersei- 5 
te (11) und einer groBen Unterseite 17) ist; 
die erste Kammer (21) unterhalb der Oberseite 
(11) und eine zweite Kammer fiber der Unterseite 
(17), direktunterderersten Kammer, angeordnet 
ist und zwischen der ersten und der zweiten Kam- 10 
mer der Werkstoff des Korpers liegt; 
der erste Durchtritt als eine erste Offnung (31) 
ausgebildet ist, welche sich von der ersten Kam- 
mer parallel zu den groBen Hauptseiten erstreckt 
und in eine senkrecht zu den Hauptflachen be- 15 
findliche Kantenflache mundet; 
der zweite Durchtritt als eine zweite Sffnung (32) 
ausgebildet ist, welche sich von der zweiten Kam- 
mer parallel zu den groBen Hauptseiten erstreckt 
und in eine senkrecht zu den Hauptflachen be- 20 
findliche Kantenflache mundet; 
die beiden Elektroden (25, 26) des ersten Satzes 
und die beiden Elektroden (27, 28) des zweiten 
Satzes flach und planar sind und parallel zu den 
groBen Flachen liegen; 25 
eine der Elektroden (25) des ersten Satzes einen 
Fahnenabschnitt quer uber die obere Wandfla- 
che der ersten Kammer hinweg aufweist und die 
andere der Elektroden (26) des ersten Satzes ei- 
nen Fahnenabschnitt quer uber die untere Wand- 30 
flache der ersten Kammer hinweg aufweist; und 
eine der Elektroden (27) des zweiten Satzes ei- 
nen Fahnenabschnitt quer uber die obere Wand- 
f lache der zweiten Kammer hinweg aufweist und 
die andere der Elektroden (28) des zweiten Sat- 35 
zes einen Fahnenabschnitt quer uber die untere 
Wandflache der zweiten Kammer hinweg auf- 
weist. 

3. Gasf uhlelement gemaB Anspruch 2, wobei 40 
sich jede der Kammern (21 , 22) neben einer der 
schmaleren Kantenf lachen des Korpers bef indet; 
jede der Elektroden (25, 26, 27, 28) vom Fahnen- 
abschnitt ausgeht und neben der anderen der 
schmaleren Kantenf lachen des Korpers endet; 45 
die beiden Elektroden des ersten Satzes dicht 
nebeneinander enden, urn einen gemeinsamen 
elektrischen AnschluB (29) daran zu ermogli- 
chen; und 

die beiden Elektroden des zweiten Satzes dicht 50 
nebeneinander enden, urn einen gemeinsamen 
elektrischen AnschluB (30) daran zu erm6gli- 
chen. 

4. Gasf uhlelement gemaB Anspruch 3, wobei 55 
es sich bei dem Elektrolytwerkstoff urn mit Yttri- 
umoxid stabilisiertes Zirkondioxid handelt. 



5. Gasf uhlelement gemaB Anspruch 3, wobei 

die Elektroden ein poroser Film aus einem leitfa- 
higen Werkstoff sind, der die lonisierung des zu 
erfassenden Gases katalysiert. 

6. Gasf uhlelement gemaB Anspruch 5, wobei 

der leitfahige Werkstoff der Elektroden Platin ist 

7. Gasfuhlelement gemaB Anspruch 1 oder3, wobei 
der Korper unitar ist und aus dunnen Schichten 
eines festen Eiektrolytwerkstoffs besteht, der bei 
Sauerstoff eine lonenleitfahigkeit aufweist; 
jede der dunnen Schichten im ailgemeinen eine 
rechtwinklige Quaderform mit einer groBen 
Oberseite und einer groBen Unterseite hat; 
durch die zweite Schicht von oben (12) eine Off- 
nung von der groBen Oberseite zu deren groBer 
Unterseite verlauft, welche die erste Kammer 
(21) bildet; 

die oberste Schicht (11) eine Elektrode (25) aus 
dem ersten Satz von Elektroden (25, 26) aus ei- 
ner Schicht leitfahigen Werkstoffs aufweist, wel- 
che an der groBen Unterseite haftet, und die 
Elektrode (25) einen Fahnenabschnitt quer uber 
die Offnung (21) in der zweiten Schicht von oben 
hinweg hat; 

die Schicht (13) unterhalb der zweiten Schicht 
von oben eine Elektrode (26) aus dem ersten 
Satz von Elektroden (25, 26) ) aus einer Schicht 
leitfahigen Werkstoffs aufweist, welche an der 
groBen Oberseite haftet, und die Elektrode (26) 
einen Fahnenabschnitt quer uber die Offnung in 
der zweiten Schicht von oben hinweg hat; 
durch die zweite Schicht von unten (16) eine Off- 
nung (22) von der groBen Oberseite zu deren gro- 
Ber Unterseite verlauft, welche sich direkt unter- 
halb der Gffnung (21) in der zweiten Schicht von 
oben bef indet und die zweite Kammer (22) bildet; 
die unterste Schicht eine Elektrode (28) aus dem 
zweiten Satz von Elektroden (27, 28) aus einer 
Schicht leitfahigen Werkstoffs aufweist, welche 
an der groBen Oberseite haftet, und die Elektro- 
de (28) einen Fahnenabschnitt quer uber die Off- 
nung in der zweiten Schicht von unten hinweg 
hat; 

die Schicht (15) uber der zweiten Schicht von un- 
ten eine Elektrode (27) aus dem zweiten Satz von 
Elektroden (27, 28) aus einer Schicht leitfahigen 
Werkstoffs aufweist welche an der groBen Un- 
terseite haftet, und die Elektrode (27) einen Fah- 
nenabschnitt quer uber die Offnung (22) in der 
zweiten Schicht von unten hinweg hat; 
die erste Offnung (31) von der ersten Kammer in 
der zweiten Schicht von oben (12) zu einer Kan- 
tenflache der Schicht verlauft; und 
die zweite Offnung (32) von der zweiten Kammer 
in der zweiten Schicht von unten (16) zu einer 
Kantenflache der Schicht verlauft 
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8. Gasfuhlelement gemaB Anspruch 7, wobei 

die Kammern (21, 22) im allgemeinen zylinder- 
formig sind und einen Durchmesservon 0,44 mm 
(0,0175Zoil)und eine Hone von 0,06 mm (0,0025 
Zoll) haben; und 

die Offnungen (31, 32) ungefahr einen Durch- 
messer von 0,4 mm (0,0015 Zoll) und von der 
Oberseite bis zur au Reran Kantenflache in etwa 
eine Lange von 1 ,27 (0.05 Zoll) haben. 

9. Gasfuhlelement gemafc einem der Anspruche 1 
bis 8, welches weiterhin umfalM: 

zwei keramische Heizeinrichtungen mit jeweils 
einem Substrat (50) aus einem Siliziumnitrid- 
werkstoff mit allgemein langlicher, rechtwinkliger 
Form sowie einer ersten und zweiten flachen, 
planaren Hauptflache, die parallel zueinander 
angeordnet sind, und 

eine dunne Schicht eines leitfahigen Werkstoffs 



bis 8, welches desweiteren umfaBt: 
eine keramische Heizeinrichtung mit einem Sub- 
strat (50) aus Siliziumnitridwerkstoff mit einer fla- 
chen, planaren Hauptflache; und 
eine dunne Schicht (51) leiffahigen Werkstoffs, 
die an der Hauptflache des Substrats musterfor- 
mig haftet und ein Widerstands-Heizelement und 
dessen Zuleitungen bildet. 



12. Gasfuhlelement gemaft Anspruch 11, wobei das 
Substrat im allgemeinen langlich und rechtwink- 
lig ist und die Zuleitungen vom Widerstands- 
Heizelement bis neben das andere Ende des 

5 Substrats verlaufen. 

13. Gasfuhlelement gemafc Anspruch 12, wobei 

es sich bei dem Substrat der keramischen Heiz- 
einrichtung urn verdichtetes Siliziumnitrid han- 
10 delt 

14. Gasfuhlelement gemafc Anspruch 13, wobei 
der leitfahige Werkstoff Platin ist, welches mittels 
Siebdruck auf die Hauptflache des Substrat auf- 

15 gebracht und anschliedend eingebrannt wird. 

15. Gasfuhlelement gemaB Anspruch 13, welches 
au&erdem umfa&t: 

einen Befestigungsring (61) zum Halten des 
Gasfuhlelements und der keramischen Heizein- 
richtung (50), wobei zwischen beiden eine War- 
meubertragung stattfindet und das eine Ende 
des Korpers des Gasfuhlelements und das eine 
Ende der keramischen Heizeinrichtung auf einer 
Seite des Befestigungsring es (61) an gebracht 
sind und die elektrischen Leitungen auf dessen 
gegenuberliegender Seite liegen; und 
externe Anschlu&stucke, die mit den elektrischen 
Leitungen von dem Gasfuhlelement und der ke- 
ramischen Heizeinrichtung verbunden sind, urn 
einen elektrischen Anschluft an sie herstellen zu 
konnen. 

16. Gasfuhlelement gemafc Anspruch 15 mit: 
einem porosen I sol ier werkstoff (85), welcher ei- 
ne Testkammer innerhalb einer Schutzeinrich- 
tung (80) fullt und das darin befindliche 
Gasfuhlelement und die keramischen Heizein- 
richtungen umgibt. 

17. Gasfuhlelement gemaB Anspruch 16, wobei 
die keramische Heizeinrichtung (50) eine Off- 
nung (58) neben dem Widerstands-Heizelement 
auf we ist mit: 

einem Thermoelement (60), welches in der 6ff- 
nung in der keramischen Heizeinrichtung ange- 
bracht ist und in Kontakt mit dem daru nter liege n- 
den Gasfuhlelement ist und von ihm ausgehende 
elektrische Leitungen (66, 67) hat und wobei 
ein externes Anschlu&stuck mit den elektrischen 
Leitungen (66, 67) vom Thermoelement verbun- 
den ist, um einen elektrischen Anschluft an die- 
ses zu ermoglichen. 

55 18. Gasfuhlelement gem§& Anspruch 9, welches 
desweiteren umfa&t 

einen Befestigungsring (61) aus einem Isolier- 
werkstoff mit einer Mittel6ffnung von einer Seite 



(51), die an der ersten Hauptflache des Sub- 20 
strats (50) musterformig haftet und ein Wider- 
stands-Heizelement und dessen Zuleitungen bil- 
det; 

wobei zwischen der einen keramischen Heizein- 
richtung und dem Gasfuhlelement (1 0) eine War- 25 
meubertragung erfolgt und die zweite Hauptfla- 
che des Substrats der keramischen Heizvorrich- 
tung der groBen Oberseite des Korpers des 
Gasfuhlelements gegenuberliegt; und 
die andere keramische Heizeinrichtung (50) War- 30 
me zum Gasfuhlelement ubertragen kann, wobei 
die zweite Hauptflache des Substrats der kera- 
mischen Heizeinrichtung der gro&en Unterseite 
des Korpers des Gasfuhlelements gegenuber- 
liegt. 35 

10. Gasf uhlelement gema&Anspruch 9oder3, wobei 
die dunne Schicht leitfahigen Werkstoffs (51) ne- 
ben einem Ende der keramischen Heizeinrich- 
tungen angeordnet ist und die Leitungen (56, 57) 40 
vom Widerstands-Heizelement zum anderen En- 
de des Substrats verlaufen; und 
die keramischen Heizeinrichtungen (50) mit dem 
Gasfuhlelement (10) zusammengesetzt werden 
und sich das eine Ende des Substrats der kera- 45 
mischen Heizeinrichtungen neben der einen der 
schmaleren Kantenflachen des Korpers des 
Gasfuhlelements bef indet. 

11. Gasfuhlelement gemaB einem der Anspruche 1 50 
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zur gegenuberliegenden Seite; 
wobei das Gasfuhlelement (10) und die beiden 
keramischen Heizeinrichtungen (50) in der Off- 
nung des Befestigungsringes angebracht sind 
und eine Hauptfiache von einer der keramischen 
Heizeinrichtungen (50) in engem Kontakt zur er- 
sten groBen Seite des Gasfuhlelements steht 
und eine Hauptfiache von der anderen kerami- 
schen Heizeinrichtung in engem Kontakt zur 
zweiten groBen Seite des Gasfuhlelements steht; 
wobei das eine Ende des Gasfuhlelements mit 
der Gaspumpe und das eine Ende jeder kerami- 
schen Heizeinrichtung mit dem Widerstands- 
Heizelement auf der einen Seite des Befesti- 
gungsrings angebracht sind und die elektrischen 
Leitungen vom Gasfuhlelement und den kerami- 
schen Heizeinrichtungen auf der gegenuberlie- 
genden Seite des Befestigungsrings liegen; 
eine Abdichteinrichtung, welche das 
Gasfuhlelement (10) und die keramischen Heiz- 
einrichtungen (50) in der Sffnung des Befesti- 
gungsringes abdichten, urn einen gasdichten 
VerschluB der Offnung zu schaffen; 
ein Gehause (70) mit einem Ende, welches den 
Befestigungsring (61) an dessen gegenuberlie- 
genden Seite beruhrt, und einem davon 
beabstandeten anderen Ende; 
ein elektrisches AnschluBstuck, welches an dem 
anderen Ende des Gehauses befestigt ist und 
Kontakte aufweist, die an die elektrischen Leitun- 
gen von dem Gasfuhlelement und den kerami- 
schen Heizeinrichtungen angeschiossen sind 
und sich aus dem Gehause nach auBen er- 
st reckon; und 

Klemmeinrichtungen (90, 91), welche die Schutz- 
einrichtung (80) und das Gehause (70) am Befe- 
stigungsring auf dessen beiden Seiten festspan- 
nen, wobei eine Schutzeinrichtung einen gas- 
dichten VerschluB mit dem Befestigungsring bil- 
det 

19. Gasfuhlelement gemaB einem der Anspruche 15 
oder 18, welches auBerdem umfaBt 
eine Schutzeinrichtung (80), welche die Ab- 
schnitte des Gasfuhlelements und der kerami- 
schen Heizeinrichtung auf der einen Seite des 
Befestigungsringes (61) umgibt, wobei sie den 
Befestigungsring (61) beruhrt und mit diesem ei- 
nen gasdichten VerschluB bildet; 
wobei die Schutzeinrichtung (80) mindestens ei- 
ne Offnung aufweist, so daft das zu analysieren- 
de Gas in die Testkammereintreten kann, welche 
aus der Schutzeinrichtung und dem Befesti- 
gungsring gebildet wird. 
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Revendications 

1 . Element de detection de gaz comprenant : 

un corps (10) en un materiau d'electrolyte 
5 solide presentant une conduction ionique en pre- 

sence d'un gaz devant etre detecte ; 

une premiere chambre (21) a I'interieur du 
dit corps ; 

un passage (31) entre la dite premiere 
10 chambre et I'exterieur du corps ; 

et des premier et deuxieme moyens 
d'electrodes (25-28) presentant des parties en 
forme d'oreille ; 
caracterise par 
15 une deuxieme chambre (22) a I'interieur 

du dit corps et espacee de la dite premiere cham- 
bre ; 

un passage (32) entre la dite deuxieme 
chambre et I'exterieur du corps ; 
20 le dit premier moyen d'electrodes (25, 26) 

presentant une partie en forme d'oreille en regard 
de la dite premiere chambre (21) ; 

le dit deuxieme moyen d'electrodes (27, 
28) presentant une partie en forme d'oreille en re- 
25 gard de la dite deuxieme chambre, 
de telle maniere que 

le dit premier moyen d'electrodes inclut un 
premier ensemble de deux electrodes (25, 26), 
une partie en forme d'oreille de chacune etant en 
30 regard I'une de I'autre a travers la dite premiere 

chambre ; 

le dit deuxieme moyen d'electrodes inclut 
un deuxieme ensemble de deux electrodes (27, 
28), une partie en forme d'oreille de chacune 

35 etant en regard I'une de I'autre a travers la dite 
deuxieme chambre ; et 

le dit gaz etant pompe d'une chambre (21) 
vers I'autre (22) a travers le materiau d'electroly- 
te solide intermediate lors de I'application d'une 

40 tension entre le dit premier ensemble d'electro- 

des et le dit deuxieme ensemble d'electrodes. 

2. Element de detection de gaz selon la revendica- 
tion 1 dans lequel : 

45 le dit corps (1 0) af fecte une forme genera- 

le parallelepipedique rectangulaire avec une pa- 
roi superieure principal e (11) et une surface infe- 
rieure principale (17) ; 

la dite premiere chambre (21) est disposee 
so sous la dite paroi superieure (11), et la dite 

deuxieme chambre est disposee au-dessus de la 
dite paroi inferieure (17) et directement au-des- 
sous de la dite premiere chambre, le materiau du 
dit corps intermediate etant dispose entre les di- 
ss tes premiere et deuxieme chambres ; 

le dit premier passage est constitue par un 
premier orifice (31) qui s'etend a partir de la dite 
premiere chambre parailelement aux drtes parois 
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principales et se termine a tine paroi de bord per- 
pendiculaire aux dites parois principales ; 

le dit deuxieme passage est constitue par 
un deuxieme orifice (32) qui s'etend a partir de la 
dite deuxieme chambre parallelement aux dites 5 
parois principales et se termine a une paroi de 
bord perpendiculaire aux dites parois principa- 
les ; 

les dites deux electrodes (25, 26) du dit 
premier ensemble et les dites deux electrodes 10 
(27, 28) du dit deuxieme ensemble sont plates et 
planes et sont paralleles aux dites parois princi- 
pales ; 

une des electrodes (25) du dit premier en- 
semble a sa partie en forme d'oreille disposee a 1 5 
travers la paroi superieure de la dite premiere 
chambre, et I'autre des electrodes (26) du dit pre- 
mier ensemble a sa partie en forme d'oreille dis- 
posee a travers la paroi inferieure de la dite pre- 
miere chambre ; et 20 

une des electrodes (27) du dit deuxieme 
ensemble a sa partie en forme d'oreille disposee 
a travers la paroi superieure de la dite deuxieme 
chambre, et I'autre des electrodes (28) du dit 
deuxieme ensemble a sa partie en forme d'oreille 25 
disposee a travers la paroi inferieure de la dite 
deuxieme chambre. 

Element de detection de gaz selon la revendica- 
tion 2 dans lequel : 30 

chacune des dites chambres (21, 22) est 
disposee de facon adjacente a une des plus fines 
des parois de bord du dit corps ; 

chacune des dites electrodes (25, 26, 27, 
28) s'etend a partir de la dite partie en forme 35 
d'oreille et se termine de facon adjacente a I'au- 
tre des plus fines des parois de bord du dit corps ; 

les deux electrodes du premier ensemble 
se terminent de facon tres proche I'une de I'autre 
pour permettre de realiser une connexion electri- 40 
que commune (29) entre elles ; et 

les deux electrodes du deuxieme ensem- 
ble se terminent de facon tres proche I'une de 
I'autre pour permettre de realiser une connexion 
electrique commune (30) entre elles. 45 

Element de detection de gaz selon la revendica- 
tion 3 dans lequel le dit materiau d'electrolyte so- 
nde est du zircone stabilise a I'yttria. 

50 

Element de detection de gaz selon la revendica- 
tion 3 dans lequel les dites electrodes sont cons- 
titutes par un film poreux d'un materiau conduc- 
teur qui catalyse I'ionisation du gaz a detector. 

55 

Element de detection de gaz selon la revendica- 
tion 5 dans lequel le dit materiau conducteur des 
dites electrodes est du platine. 



7. Element de detection de gaz selon la revendica- 
tion 1 ou 3 dans lequel : 

le dit corps est un corps unitaire (10) cons- 
titue de lamelles d'un materiau d'electrolyte soli- 
de qui conduit ioniquement I'oxygene; 

chacune des dites lamelles affectant une 
forme generale parallelepipedique rectangulaire 
ayant une paroi superieure principale et une paroi 
inferieure principale ; 

la lamelle (12) suivant immediatement la 
iamelle superieure presentant une ouverture la 
traversant a partir de sa paroi superieure princi- 
pale jusqu'a sa paroi inferieure principale et defi- 
nissant la dite premiere chambre (21) ; 

la lamelle superieure (11) ayant une elec- 
trode (25) du dit premier ensemble d'electrodes 
(25, 26) d'une couche d'un materiau conducteur 
adherant a sa paroi inferieure principale, la dite 
electrode (25) ayant la dite partie en forme 
d'oreille disposee a travers la dite ouverture (21) 
pratiquee dans la lamelle suivant immediatement 
la lamelle superieure ; 

la lamelle (13) juste au-dessous la lamelle 
suivant immediatement la lamelle superieure 
ayant une electrode (26) du dit premier ensemble 
d'electrodes (25, 26) d'une couche d'un materiau 
conducteur adherant a sa paroi superieure prin- 
cipale, la dite electrode (26) ayant une partie en 
forme d'oreille disposee a travers la dite ouver- 
ture pratiquee dans la lamelle suivant immedia- 
tement la lamelle superieure; 

la lamelle (16) suivant immediatement la 
lamelle superieure presentant une ouverture (22) 
la traversant a partir de sa paroi superieure prin- 
cipale jusqu'a sa paroi inferieure principale et pra- 
tiquee directement au-dessous de la dite ouver- 
ture (22) pratiquee dans la lamelle suivant imme- 
diatement la lamelle superieure, definissant la 
dite deuxieme chambre (22) ; 

la lamelle inferieure ayant une electrode 
(28) du deuxieme ensemble d'electrodes (27, 28) 
constitute d'une couche ad he rente d'un mate- 
riau conducteur adherant a sa paroi superieure 
principale, la dite electrode (28) ayant une partie 
en forme d'oreille disposee a travers la dite ou- 
verture pratiquee dans lamelle suivant immedia- 
tement la lamelle inferieure ; 

la lamelle (1 5) juste au-dessus de la lamel- 
le suivant immediatement la lamelle inferieure 
ayant une Electrode (27) d'une couche du dit 
deuxieme ensemble d'electrodes (27, 28) d'un 
materiau conducteur adherant a sa paroi inferieu- 
re principale, la dite electrode (27) ayant une par- 
tie en forme d'oreille disposee a travers la dite 
ouverture (22) pratiquee dans la lamelle suivant 
immediatement la lamelle inferieure ; 

le dit premier orifice (31) s'etendant a par- 
tir de la dite premiere chambre pratiquee dans la 
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lamelie (1 2) suivant immediatement la lamella su- 
perieure jusqu'a une paroi de bord de la lamella ; 
et 

le dit deuxieme orifice (32) s'etendant a 
partir de la dite deuxieme chambre pratiquee 
dans lamelie (16) suivant immediatement la la- 
melie inferieure jusqu'a une paroi de bord de la la- 
melie. 

8. Element de detection de gaz selon la revendica- 
tion 7 dans lequel : 

les dites chambres (21, 22) sont de forme 
geneYale cylindrique d'un diametre de 0,44 mm 
environ (0,0175 pouce) et de 0,06 mm (0,0025 
pouce) de hauteur ; et 

les dits orifices (31 , 32) ont un diametre de 
0,04 mm (0,0015 pouce) environ et une longueur 
de 1,27 mm (0,05 pouce) environ a partir de I'ou- 
verture jusqu'a la paroi de bord exterieure. 

9. Element de detection de gaz selon Tune quelcon- 
que des revendications 1 a 8 comprenant, en ou- 
tre : 

deux radiateurs ceramiques (50) compre- 
nant chacun un substrat (50) dans un materiau de 
nitrure de silicium affectant une forme generate 
rectangulaire allongee ayant des premiere et 
deuxieme parois principales plates et planes, et 

une fine couche d'un materiau conducteur 
(51) adherant a la dite premiere paroi principale 
du substrat (50) en un motif destine a former un 
element de chauffage par resistance et les 
conducteurs de celui-ci ; 

un des dits radiateurs ceramiques etant 
assemble en relation avec le dit element de de- 
tection de gaz (10) pour une transmission de la 
chaleur, la deuxieme paroi principale du substrat 
du radiateur ceramique etant en regard de la pa- 
roi superieure principale du corps de l'6lement de 
detection de gaz ; et 

I'autre des dits radiateurs ceramiques (50) 
etant assemble en relation avec le dit element de 
detection de gaz pour une transmission de la cha- 
leur, la deuxieme paroi principale du substrat du 
radiateur ceramique etant en regard de la paroi 
inferieure principale du corps de l'6lement de de- 
tection de gaz. 

10. Element de detection de gaz selon la revendica- 
tion 9 ou 3 dans lequel : 

la dite couche fine du materiau conducteur 
(51) est adjacente a une extremit6 de ses radia- 
teurs ceramiques et les dits conducteurs (56, 57) 
s'etendant a partir de Tenement de chauffage par 
resistance jusqu'a I'autre extremite du substrat ; 
et 

les dits radiateurs ceramiques (50) etant 
assembles avec le dit element de detection de 
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gaz (10), la dite une extremite des substrats des 
radiateurs ceramiques etant position nee de fa- 
con adjacente a la dite une des plus fines des pa- 
rois de bord du corps de 1'element de detection de 
5 gaz. 

11. Element de detection de gaz selon Tune quelcon- 
que des revendications 1 a 8 comprenant, en ou- 
tre, un radiateur ceramique ayant un substrat 

10 (50) en un materiau de nitrure de silicium ayant 
une paroi principale plate et plane ; et 

une couche fine (51) d'un materiau 
conducteur adherant a la dite paroi principale du 
substrat dans un motif destine a former un ele- 

15 ment de chauffage par resistance et les conduc- 
teurs de celui-ci. 

12. Element de detection de gaz selon la revendica- 
tion 11 dans lequel le dit substrat affecte une for- 

20 me generale rectangulaire allongee et les 
conducteurs s'6tendent a partir de I'el6ment de 
chauffage par resistance adjacent a I'autre extre- 
mite du substrat. 

25 13. Element de detection de gaz selon la revendica- 
tion 12 dans lequel le dit substrat du dit radiateur 
ceramique est realise dans du nitrure de silicium 
densifie. 

30 14. Element de detection de gaz selon la revendica- 
tion 1 3 dans lequel le dit materiau conducteur est 
du platine tamise et brOle sur la dite paroi princi- 
pale du substrat. 

35 1 5. Element de detection de gaz selon la revendica- 
tion 13 comprenanten outre : 

une frette de montage (61) portant le dit 
element de detection de gaz et le dit radiateur ce- 
ramique (50), le dit radiateur ceramique etant en 

40 relation de transmission de la chaleur avec le dit 
element de detection des gaz (1 0), la dite une ex- 
tremite du dit corps du dit element de detection de 
gaz et la dite une extremite du radiateur ceramh 
que etant position nees sur un cdte de la dite f ret- 

45 te de montage (61) et les dits conducteurs elec- 
triques sur son cdte oppose ; et 

un moyen de connexion externe connecte 
aux conducteurs electriques a partir de relement 
de detection de gaz et le radiateur ceramique 

so pour permettre de realiser ses connexions elec- 
triques. 

16. Element de detection de gaz selon la revendica- 
tion 15 incluant un materiau poreux d'isolation 
55 thermique (85) remplissant la dite chambre de 

reaction a I'interieur du dit element d'ecran (80) et 
encerdant la partie de 1'element de detection de 
gaz et les radiateurs ceramiques disposes de- 
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dans. 

17. Element de detection de gaz selon la revendica- 
tion 16 dans lequel : 

!e dit radiateur ceramique (50) a une ou- 5 
verture (58) le traversant de facon adjacente au 
dit element de chauffage par resistance ; et in- 
cluant 

un thermocouple (60) monte a I'interieur 
de la dite ouverture dans le radiateur ceramique 10 
et en contact physique avec I'eiement de detec- 
tion de gaz sous-jacent et ayant des conducteurs 
electriques (66, 67) qui ont font saillie, et dans le- 
quel 

le dit moyen de connexion externe est 15 
connects aux conducteurs electriques (66, 67) a 
partir du thermocouple pour permettre de reali- 
ser une connexion eiectrique avec lui. 

18. Element de detection de gaz selon la revendica- 20 
tion 9 comprenant, en outre : 

une f rette de montage (61) en un materiau 
isolant presentant une ouverture centrale le tra- 
versant d'un cote a son cdte oppose ; 

le dit element de detection de gaz (1 0) et 25 
les dits deux radiateurs ceramiques (50) etant 
montes dans I'ouverture de la dite frette de mon- 
tage, une paroi principale d'un des dits radiateurs 
ceramiques (50) etant en etroit contact physique 
avec la dite premiere paroi principale du dit ele- 30 
ment de detection de gaz, et une paroi principale 
de I'autre des radiateurs ceramiques etant en 
6troit contact physique avec la dite deuxieme pa- 
roi principale de I'eiement de detection de gaz ; 

la une extremite de I'eiement de detection 35 
de gaz ayant la pompe a gaz et la une extremite 
de chacun des radiateurs ceramiques ayant un 
element de chauffage par resistance qui est dis- 
pose sur le dit un cdte de la frette de montage et 
les dits conducteurs electriques a partir de Tele- 40 
ment de detection de gaz et des radiateurs cera- 
miques reposant sur le dit cdte oppose de la dite 
frette de montage ; 

un moyen d'etancheite isolant I'eiement de 
detection de gaz (10) et les radiateurs cerami- 45 
ques (50) dans I'ouverture de la frette de monta- 
ge pour determiner un scellement etanche aux 
gaz pour I'ouverture; 

un element de bottier (70) ayant une extre- 
mite en contact avec la dite frette de montage 50 
(61) au dit cdte oppose de celle-ci et ayant une 
autre extremite separee de celle-ci ; 

un connecteur eiectrique monte a la dite 
autre extremite du dit element de boitier et ayant 
des contacts connectes aux conducteurs electri- 55 
ques a partir de I'eiement de detection de gaz et 
des radiateurs ceramiques et faisant saillie a I'ex- 
terieur de I'eiement de boitier ; et 



des moyens de fixation (90, 91) portant le 
dit element d'ecran (80) et le dit elementde boitier 
(70) en contact physique avec la dite frette de 
montage au dit un cdte et au dit cdte oppose de 
celle-ci, respectivement, le dit element d'ecran 
forma nt un scellement etanche aux gaz avec la 
dite frette de montage. 

19. Element de detection de gaz selon la revendica- 
tion 15 ou 18 comprenant, en outre : 

un element d'ecran (80) enfermant les par- 
ties de ('element de detection de gaz et le radia- 
teur ceramique dispose sur le dit un cdte de la 
frette de montage (61), le dit element d'ecran (80) 
etant en contact avec la dite frette de montage 
(61) et formant un scellement etanche aux gaz 
avec celui-ci ; 

le dit element d'ecran (80) presentant au 
moins une ouverture pour permettre au gaz a 
analyser d'entrer dans la chambre de reaction 
formee par I'eiement d'ecran et la frette de mon- 
tage. 
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